The antiallergic properties of hop water extract (HWE) were studied by evaluating histamine release from human basophilic KU812 cells induced by calcium ionophore A23187. HWE significantly inhibited histamine release, but boiling water extract and chloroformmethanol extract did not show any inhibitory effect on it. A 50% methanol-eluted fraction separated from HWE by XAD-4 column chromatography (MFH) had a strong inhibitory effect as compared with HWE. Quercetin glycosides and kaempherol glycosides were identified in MFH, of which quercetin glycosides contributed to the inhibition of histamine release. Most quercetin in HWE existed in glycoside form and its quercetin content, obtained by acid hydrolysis, was about 200 g/g. HWE and MFH significantly inhibited protein kinase C, which plays a pivotal role in the degranulation of chemical mediators. These results indicate that HWE can inhibit type-I allergic reactions.
Allergic diseases such as pollen allergy, atopic dermatitis, food allergy, and bronchial asthma are becoming more prevalent in many industrialized countries. These allergic diseases are classified as type I allergies. 1) Basophiles and mast cells play a crucial role in the initiation of such allergies. These allergic symptoms are caused by the activation of mucosal mast cells and/or basophiles. Cross-linking of immunoglobulin E (IgE) mediated by the binding of multivalent antigen at the surfaces of mast cells triggers the release of many chemical mediators, such as histamine, leukotrienes, and prostaglandins, from these cells. [2] [3] [4] These chemical mediators directly cause type I allergic symptoms. Therefore, inhibition of the release of these chemical mediators from mast cells and basophiles is an effective way of moderating the symptoms of type I allergies.
Female hop flowers (Humulus lupulus L.) are used in the brewing industry to add bitterness and aroma to beer. Hops play a wide range of physiological roles, such as an inhibitory effect on bone resorption, 5) cancer chemopreventive activity, 6, 7) the inhibition of tumor promotion by 12-O-tetradecanoylphorbol-13-acetate in mouse skin, 8) the estrogenic property of the phytoestrogen, 8-prenylnaringenin, 9) and the inhibition of nitric oxide production. 10, 11) Hop water extract (HWE) significantly inhibited antigen-induced nasal rubbing and sneezing in egg albumin-sensitized BALB/c mice. 12) In addition, a 50% methanol eluted fraction separated from HWE by XAD-4 column chromatography (MFH) had a strong inhibitory effect as compared with HWE. Moreover, repeated oral administration of HWE and MFH significantly inhibited such allergic symptoms at smaller doses as compared with single administration.
In this study, we investigated the active components in hop water extract, which have antiallergic properties, using the histamine release assay from human basophilic KU812 cells. We identified flavonoid glycosides as antiallergic components in hop water extract. Since protein kinase C (PKC) plays an important role in the degranulation process from mast cells and basophiles, [13] [14] [15] we examined the ability of hop extracts to inhibit PKC activity.
Materials and Methods
Chemicals. RPMI1640 medium was purchased from Invitrogen (Carlsbad, CA). Fetal bovine serum was purchased from Equitech-Bio (Kerrvile, TX). Calcium ionophore A23187 was purchased from Sigma-Aldrich (St. Louis, MO). Protein kinase C from rat brain was purchased from Merck KGaA (Darmstadt, Germany). The PKC assay kit was purchased from Cyclex (Nagano, Japan). All other chemicals were of reagent grade.
Sample preparation of hop extracts. Hop water extract (HWE): Five-g Hop (Humulus lupulus L.) pellets, cultivated in the Saaz district, the Czech Republic, were extracted in 500 ml cold water (4 C) overnight. The hop pellet suspension was filtered through filter paper. The aqueous solution was lyophilized. Approximately 600 mg of lyophilized powder was obtained (yield about 12%).
Hop boiling water extract (HHE): Two-g hop pellets were extracted by boiling in 300 ml of water for 2 h. The hop pellet suspension was filtered through filter paper. The aqueous solution was lyophilized. Approximately 460 mg of lyophilized powder was obtained (yield about 23%).
Hop chloroform-methanol extract (HCME): Two-g hop pellets were extracted by placing them in 300 ml chloroform:methanol = 3:1 solvent for 2 h at its boiling temperature. The extract was evaporated under reduced pressure to dryness. Approximately 290 mg of dried substance was obtained (yield about 15%).
Separation of HWE by chromatography on XAD-4: HWE was applied to Amberlite XAD-4 (Organo, Tokyo). The column was eluted with distilled water, 10%, 20%, 30%, 50%, 100% methanol stepwise. Each fraction was collected, and its solvent was evaporated and then lyophilized.
Histamine release from KU812 cells. KU812 cells were obtained from the Health Science Research Resources Bank (Osaka, Japan). The cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum at 37 C in a humidified atmosphere with 5% CO 2 . The KU812 cells were washed with Tyrode buffer (NaCl 137 mM, KCl 2.7 mM, NaH 2 PO 4 . 2H 2 O 0.4 mM, MgCl 2 . 6H 2 O 1 mM, NaHCO 3 12 mM, CaCl 2 . 2H 2 O 1.8 mM) twice. Then they were suspended in 0.5 ml Tyrode buffer to be 2 Â 10 6 cells/ml. CaCl 2 (1 mM), calcium ionophore A23187 (5 mM) and test sample solution (10% v/v) were added to the cell suspension. It was incubated at 37 C for 20 min, and the reaction was stopped by cooling in an ice bath for 5 min. The cell suspension was centrifuged at 200 Â g for 5 min. The histamine concentration of the supernatant was determined according to a fluorometric method.
16) The inhibition of histamine release from the KU812 cell was calculated using the following equation:
Percentage of histamine release inhibition (%)
¼ 100 Â ð1 À ðS{NÞ=ðP{NÞÞ
Where S is the histamine content released from cells incubated with A23187 and the test sample, N is the histamine content released from cells spontaneously without A23187 or the test sample, and P is the histamine content released from cells incubated with A23187 without the test sample.
HPLC analysis of polyphenolic compounds in the hop water extract. Polyphenolic compounds in the hop water extract were determined by HPLC analysis, using a Symmetry C18 column (2:1 Â 150 mm, Waters, Milford, MA) at a flow rate of 0.2 ml/min and a column temperature of 40 C. A test sample solution was eluted with solvent A (0.05% trifluoroacetic acid/H 2 O) and solvent B (acetonitrile) in a linear gradient starting from 10% to 50% of solvent B over 16 min. The eluent was monitored with a mass spectrometer (Waters Micromass ZQ). The mass spectrometric conditions were as follows: electrospray ionization (ESI) in the positive ion mode, single-ion recording (SIR; m=z 287, m=z 303), source temperature at 120 C, dissolving temperature at 350 C.
HPLC analysis of quercetin and kaempherol aglycone in hop water extract. The quercetin glycosides and kaempherol glycosides in the hop water extract were hydrolyzed to their aglycones by boiling a mixture of 400 ml of 20 mg/ml hop water extract and 2 ml 2 N HCl aqueous solution for 30 min. The hydrolyzed solution was applied to the SepPak Ò C18 cartridge (Waters) and then the absorbate was eluted with methanol directly after washing the column with distilled water. The concentration of quercetin and kaempherol aglycone was determined by the Shimadzu HPLC system (Kyoto, Japan), using a Symmetry C18 column (2:1 Â 150 mm, Waters) at a flow rate of 0.2 ml/min and a column temperature of 40 C. A test sample solution was eluted with solvent A (10 mM phosphoric acid) and solvent B (acetonitrile) in a linear gradient starting from 20% to 50% of solvent B in 20 min, 50% to 100% of solvent B from 20 min to 30 min. The eluent was monitored with an ultraviolet spectrometer at 370 nm. The concentration of quercetin and kaempherol aglycone in the test sample was calculated from their calibration curves.
Measurement of protein kinase C activity. PKC activity was measured using a PKC assay kit. Measurements were performed according to the manufacture's instructions. The assay was conducted as follows: A 96-well plate was pre-coated with a synthetic peptide that can be phosphorylated by PKC. The plate was then incubated with a mixture of the PKC and the test sample for 20 min at 37 C. The amount of phosphorylated substrate was measured by binding it with an antiphospho threonine monoclonal antibody, followed by binding with horseradish peroxidase conjugated antimouse IgG. After substrate solution 3,3 0 ,5 0 ,5-tetramethylbenzidine (TMB) was added, the plates were allowed to develop at room temperature for 10 min. The color reaction was stopped by the addition of 0.5 N H 2 SO 4 . PKC activity was quantified by the absorbance at 450 nm/540 nm. The inhibitory effect of the hop extract on PKC activity was calculated from the ratio of the absorbance of the sample to that of the control. PKC derived from rat brain (1 unit/ml) was used as the enzyme sample.
Statistical analysis. All values are expressed as mean AE standard errors of the mean (SEM). Statistical evaluation of the results was performed by one-way analysis of variance (ANOVA) followed by the Fisher's LSD or the Dunnett test. A probability value of less than 0.05 was considered statistically significant.
Results
Effect of the extraction condition on histamine release from human basophilic KU812 cells Hop pellets were extracted using cold water (4 C, overnight), boiling water (100 C, 2 h), and chloroformmethanol (boiling temperature for 2 h). Hop chloroform-methanol extract was evaporated to dryness. Each extract was dissolved in Tyrode buffer to 1 mg/ml concentration. The inhibitory effects of each extract on histamine release from human basophilic KU812 cells were examined. As shown in Fig. 1 , hop water extract (HWE) significantly inhibited histamine release from KU812 cells, but boiling water extract (HHE) and chloroform-methanol extract (HCME) did not show any inhibitory effect on histamine release. Moreover, HCME promoted histamine release from the A23187 stimulated cells. Approximately 90% of the total histamine stored in KU812 cells was released on stimulation by HCME. The total amount of histamine contained in those cells in this experiment was 26.9 ng/10 6 cells. HWE significantly inhibited histamine release, although HHE did not (Fig. 1 ). Hence we investigated the effect of heat treatment of HWE on the inhibition of histamine release, because there was a possibility that the active components in hops might be heat unstable. As shown in Fig. 2 , the inhibitory effect of HWE on histamine release was unchanged by heat treatment at 100 C for 30 min.
Effect of the separated fraction of HWE by Amberlite XAD-4 column chromatography on histamine release from human basophilic KU812 cells
To identify the active components in HWE responsible for the inhibitory effect on histamine release from KU812 cells, we separated HWE by column chromatography on Amberlite XAD-4 resin. Twenty ml of HWE was adsorbed on 4 ml of XAD-4 resin, and then the adsorbate was eluted with 50 ml each of distilled water and 10%, 20%, 30%, 50%, 100% methanol in a stepwise fashion. The non-adsorbed fraction and the distilled water eluted fraction were mixed. Each fraction was evaporated and then dissolved in 20 ml of distilled water to eliminate the negative effect of methanol on histamine release from the KU812 cells. The histamine release from KU812 of each fraction was evaluated. As shown in Fig. 3 , the non-adsorbed fraction of HWE (WFH) and the 50% methanol eluted fraction of HWE (MFH) strongly inhibited histamine release from KU812 cells. Hence we investigated the relationship between the inhibition of histamine release and the Extract (HCME), and Boiling Water Extract (HHE) on Histamine Release from Human Basophilic KU812 Cells Induced by Calcium Ionophore A23187 Stimulation. HWE was obtained by extracting 5 g of hop pellets with 500 ml cold water (4 C) overnight, filtration of the hop pellet suspension through filter paper, and lyophilization. The yield was about 22%. HHE was obtained by extracting 2 g of hop pellets with 300 ml boiling water for 2 h, filtration of the hop pellet suspension through filter paper, and lyophilization. The yield was about 23%. HCME was obtained by extracting 2 g of hop pellets with 300 ml chloroform:methanol = 3:1 for 2 h at its boiling temperature, then the extract was evaporated under reduced pressure to dryness. The yield was about 15%. Each extract was dissolved in Tyrode buffer to a concentration of 1 mg/ml. Their inhibitory effects on histamine release from human basophilic KU812 cells were examined. Each value represents the mean AE SEM, n ¼ 3.
Ã Significantly different from the corresponding control group at P < 0:05. Five g of hop pellets was extracted with cold water (4 C) overnight, and then the hop pellet suspension was filtrated through filter paper. The aqueous solution was heated for 30 min. Each value represents the mean AE SEM, n ¼ 3.
ÃÃ Significantly different from the corresponding control group at P < 0:01.
concentration of HWE, WFH, and MFH respectively. As shown in Fig. 4 , HWE, MFH, and WFH inhibited histamine release from KU812 cells dose-dependently. Moreover, MFH significantly inhibited histamine release at a lower concentration than WFH. Hence it was speculated that MFH probably contained main active components that were responsible for the inhibition of histamine release. HWE, WFH, and MFH were extracted from hop pellets at yields of 12%, 2%, and 0.6% (w/w) respectively.
Analysis of polyphenols in hop water extract MFH had higher inhibitory activity against histamine release from KU812 cells. We conducted a more detailed separation by HPLC (Fig. 5) , and identified flavonoid glycosides such as quercetin glycosides (isoquercitrin, rutin, and isoquercitrin malonate [qurecetin 3-O--D-6 00 -malonylglucoside]) and kaempherol glycosides (astragaline, kaempherol rutinoside, and astragaline malonate [kaempherol 3-O--D-6 00 -malonylglucoside]) as major flavonoids in MFH (Fig. 6 ). Among these flavonoid aglycones, such as quercetin and kaempherol, quercetin inhibited histamine release from KU812 cells dose-dependently, but as shown in Fig. 7 , kaempherol showed weaker inhibition of hista- 
100% MeOH
Inhibition of histamine release (%) * * * * * * * * * * * * Fig. 3 . Inhibitory Activity of Separated Fractions of HWE by Amberlite XAD-4 Column Chromatography on Histamine Release from KU812.
Twenty ml of HWE was applied to 4 ml of Amberlite XAD-4, and the column was eluted with 50 ml each of distilled water, and 10%, 20%, 30%, 50%, 100% methanol in a stepwise fashion. Each fraction was evaporated and then dissolved in 20 ml of distilled water. The histamine release from KU812 of each fraction was evaluated. Each value represents the mean AE SEM, n ¼ 3.
ÃÃ Significantly different from the corresponding control group at P < 0:01. Concentration (mg/ml) * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Fig. 4. Relationship between Inhibition of Histamine Release and Concentration of Hop Extracts, (a) HWE, (b) MFH, and (c) WFH.
Each value represents the mean AE SEM, n ¼ 3. ÃÃ Significantly different from the corresponding control group at P < 0:01. mine release than quercetin. The IC 50 value of quercetin on histamine release was 0.07 mM (24 mg/ml). As shown in Table 1 , the concentrations of quercetin and kaempherol aglycone in HWE, MFH, and WFH, determined by the acid hydrolysis of flavonoid glycosides, were 198 mg/g, 547 mg/g, and 8 mg/g respectively for quercetin, and 192 mg/g, 434 mg/g, and 12 mg/g respectively for kaempherol, but there was no detectable quercetin or kaempherol aglycone in HWE (Fig. 8) . Therefore, most flavonoids in HWE existed in glycoside forms. HWE, MFH, and WFH was hydrolyzed with 2 N HCl at 100 C for 30 min. The hydrolyzed solution was applied to a C18 cartridge and then eluted with methanol. The concentration of quercetin and kaempferol was determined by HPLC. Results are represented as the mean AE SEM of three independent measurements.
Inhibitory effect of HWE and MFH on protein kinase C activity
Protein kinase C (PKC) is the key enzyme that directly regulates degranulation from mast cells and basophiles. 17) Hence we investigated the inhibitory effect of HWE and MFH on PKC activity. As shown in Fig. 9 , HWE and MFH significantly inhibited PKC activity dose-dependently. It has been reported that quercetin and kaempherol inhibit PKC activity, and that quercetin has higher specific inhibitory activity than kaempherol. 14, 18) 
Discussion
In this study, HWE significantly inhibited histamine release from human basophilic KU812 cells induced by calcium ionophore A23187 stimulation, but extraction by boiling water and by chloroform-methanol solvent did not show any inhibitory effect on histamine release. Heat treatment of HWE did not cause it to lose its inhibitory effect. These findings indicate that the active components in HWE are probably stable under heat treatment. In fact, quercetin glycosides, which are major active components in HWE inhibiting histamine release from KU812 cells, are heat stable. 19) Therefore, the disappearance of its activity due to boiling is attributable to the extraction of some components from hop pellets due to boiling, which promotes histamine release from the cells. These negative components appear to be relatively hydrophobic because they are not extracted by cold water (Fig. 1) , although they are not understood in detail.
WFH and MFH separated from HWE by XAD-4 column chromatography inhibited histamine release Concentration (mg/ml) * * * * * * * * * * * * * * * * * * * * * * * * Fig. 9 . Inhibitory Activity and Dose-Dependence of HWE (a) and MFH (b) on PKC Activity. Each value represents the mean AE SEM, n ¼ 3. ÃÃ Significantly different from the corresponding control group at P < 0:01.
from KU812 cells dose-dependently. In particular, MFH significantly inhibited histamine release at lower concentrations than WFH. MFH contained flavonoid glycosides such as quercetin glycosides (rutin, isoquercitrin, and isoquercitrin malonate) and kaempherol glycosides (kaempherol rutinoside, astragaline, and astragaline malonate). There was no detectable quercetin or kaempherol aglycone in HWE by HPLC analysis. Flavonoid contents as each aglycone equivalent in MFH, which were obtained by acid hydrolysis of a sample, were about three times as high as their contents in HWE (Table 1) . Of these flavonoid aglycones, quercetin inhibited histamine release from KU812 cells, but kaempherol had weaker inhibitory effect than quercetin. This result coincides with the result of Y. Morimoto et al., who reported that quercetin showed more potent inhibition against hexosaminidase release from RBL-2H3 cells than kaempherol. 20) Therefore, the major active components in HWE responsible for the inhibition of histamine release were probably quercetin glycosides. It has also been reported that flavonoids and flavonoid glycosides such as epigallocatechin-3-Ogallate, epigallocatechin-3-O-methyl-gallate from green tea, [21] [22] [23] luteolin-7-O-rutinoside from peppermint, 24) and naringenin chalcone from tomato skin 25) show antiallergic properties by inhibiting degranulation from the basophilic and mast cells.
Flavonoid glycosides are digested and absorbed as aglycones from the gastrointestinal tract when orally administered. Quercetin glycosides are hydrolyzed in the small intestine by bacterial enzymes and absorbed as quercetin aglycones. Major circulating metabolites of quercetin are the glucurono-sulfo conjugates of isorhamnetin (3 0 -O-methyl quercetin) and of quercetin. [26] [27] [28] [29] [30] [31] It has been also reported that -glucuronidase is released under certain physiological conditions, such as an inflammation, and that then flavonoid glucuronides are converted to flavonoid aglycones. 32) Therefore, the quercetin glycosides contained in hop water extract are absorbed as quercetin aglycones and circulated as quercetin conjugates when they are orally ingested. There is also the possibility that deconjugated quercetin might show an antiallergic effect at the inflammatory sites.
There are several reports that some flavonoids inhibit histamine release from basophiles and mast cells by inhibiting key enzymes such as PKC and tyrosine kinase Syk. [13] [14] [15] Fc"RI-crosslinking in basophiles and mast cells activates receptor-associated protein-tyrosine kinases such as Lyn and Syk. The tyrosine phosphorylation of these protein-tyrosine kinases leads to hydrolysis of inositol phospholipids by phospholipase C-1, which yields the two secondary messengers, inositol triphosphate (IP3) and diacylglycerol (DAG). IP3 induces the mobilization of Ca 2þ . The mobilization of Ca 2þ and DAG activates PKC. 33) In our study, both HWE and MFH significantly inhibited PKC activity. It has been reported that quercetin and kaempherol inhibited PKC activity, and that quercetin had more potent inhibitory activity than kaempherol because quercetin has a 3 0 , 4 0 OH group on the B ring. 18) Quercetin glycosides in HWE possess a 3 0 , 4 0 OH group on the B ring in quercetin. Therefore, the quercetin glycosides in HWE and MFH were probably attributable to the inhibition of PKC activity.
In conclusion, HWE inhibited histamine release from KU812 cells induced by calcium ionophore A23187 stimulation. Quercetin glycosides such as rutin, isoquercitirin, and isoquercitirin malonate, and kaempherol glycosides such as kaempherol rutinoside, astragaline, and astragaline malonate were identified as major flavonoids in HWE. Of their flavonoid aglycones, quercetin significantly inhibited histamine release from KU812 cells dose-dependently. Most quercetin in HWE existed in glycoside form, and its quercetin aglycone content, obtained by acid hydrolysis, was about 200 mg/g. HWE and MFH inhibited PKC activity, which plays a pivotal role in degranulation from mast cells and basophiles.
The results obtained in this study suggest that intake of HWE is an effective way to prevent and improve allergic symptoms related to type I allergy.
